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ABSTRACT 



A method of generating information used for fast searching 
of packet data, a recording medium for storing the 
information, and a recording and/or playback apparatus 
using the same. Packet data is segmented into basic units of 
a predetermined size and basic unit information is generated 
for each basic unit. The basic unit information includes 
information indicating the arrival time of the first packet of 
each corre^onding basic unit. This information is recorded 
with a data stream and used when quickly searching for a 
desired position during special playback such as a time 
search. If a fast search method such as binary searching is 
adopted, significantly faster searching can be reaUzed. 

57 Claims, 10 Drawing Sheets 
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METHOD OF GENERATING INFORMATION 
FOR FAST SEARCHING OF PACKET DATA, 

RECORDING MEDIUM STORING THE 
INFORMATION, AND RECORDING AND/OR 
PLAYBACK APPARATUS USING THE SAME 

CROSS-REFERENCE TO RELATED 
APPUCAnONS 

This application claims the benefit of Korean Application 
Nos. 98-55499, filed Dec, 16, 1998, and 99-839, filed Jan. 
14, 1999, in the Korean Patent Office, the disclosures of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1, Field of the Invention 

The present invention relates to fast searching of digital 
data, and more particularly, to a method of generating- 
additional information used to quickly search for a desired 
position in a data stream, after storing data which is pack- 
etized (hereinafter, called "packet data") in a recording 
medium, a recording medium for storing the information 
and a recording and/or playback apparatus using the same. 

2. Description of the Related Art 

Recording and/or playback apparatuses which store and/ 
or reproduce packet data, which is used in digital satellite 
broadcasting or in digital high definition broadcasting, in a 
one dimensional recording medium such as a tape and which 
implement special playback such as trick-play, have been 
developed. Moreover, an optical recording and/or playback 
apparatus or multimedia equipment using optical disks 
requires the function of recording packet data in a two 
dimensional recording medium such as an optical disk and 
quickly accessing a desired position during special playback 
such as time search to play back only necessary data. 

FIG. 1 shows the basic form of recorded data including 
input packet data and its arrival time and the conceptional 
relation between the recorded data and data output time 
intervals during playback. When recording input data, an 
arrival time stamp (ATS), which is arrival time information, 
is added to the input data and the data is output based on the 
added ATS during playback. Here, the input data is pack- 
etized data which is obtained by dividing data such as video 
or audio into units of a predetermined size. The packetized 
data is transmitted through satellites, cables or local area 
networks (LANs). The size of the unit is 188 bytes when 
data is transmitted using a Moving Picture Experts Group 
(MPEG)-2 transport stream defined by the International 
Organization for Standardization (ISO)/Intenaational Elec- 
trotechnical Commission (lEC) 13818-1 standard, and is 53 
bytes when data is transmitted using an asynchronous trans- 
fer mode (ATM) standard. 

In digital broadcasting, packet data is transmitted at 
irregular time intervals. The transmitted packet data is 
usually received by a receiving party having a decoder. In 
the receiving party, the transmitted data is input into the 
decoder via a buffer and decoded by the decoder so that 
users can watch the broadcasting. 

When a user sets a playback mode to reproduce, at a 
desired time, packet data, which has been stored in a 
recording medium, is sent to the decoder by a playback 
apparatus. When sending the data to the decoder, the irregu- 
lar time intervals at which the packet data was originally 
transmitted to the receiving party are significant because the 
buffer of the receiving party overflows or underflows if the 
irregular time intervals are not obeyed. This is because, 



when transmitting data, an original transmitting party (a 
broadcasting station) adjusts the time intervals between 
packet data taking into account the state of the buffer of a 
receiving party having a decoder. For this reason, it is 

5 assumed that information on the arrival time of each packet 
of data is added to each corresponding packet of input data 
when a recording apparatus records data, and each packet of 
data is output by a playback apparatus based on the arrival 
time information thereof. 

10 FIG. 2 is a block diagram showing a recording and 
playback apparatus for the packet data shown in FIG. 1. In 
FIG. 2, a counter 102, which operates according to a system 
clock signal, usually uses a system clock signal of 27 MHz 
because the MPEG-2 system generates time stamps on the 

15 basis of a clock signal of 27 MHz. It is needless to say that 
a system clock signal of another frequency can be used. 

An ATS generator 104 adds an ATS to each packet of 
input data. The input packet data together with the added 
ATSs is converted into a signal suitable for recording by a 
recording controller 106 and then recorded in a recording 
medium 108. A playback controller 110 plays back to which 
ATSs have been added, which is recorded in the recording 
medium 108 and sends the playback data to an ATS pro- 
cessor 112. The ATS processor 112 outputs the data accord- 

^ ing to the added ATS of the playback data. Here, the ATS 
generator 104 and the ATS processor 112 each includes an 
internal buffer. Altemately, the buffers of the ATS generator 
104 and the ATS processor 112 may be separately provided 
on the outside. 

In the method of adding an ATS, during recording, the 
ATS generator 104 reads a count value of the counter 102 at 
the time when packet data is input, and adds the count value 
to the packet as an ATS. The packet data with the added ATS 

2^ is temporarily stored in the internal buffer of the ATS 
generator 104 and then recorded in the recording medium 
108 via the recording controller 106. As mentioned above, 
the internal buffer can be separately provided on the outside 
of the ATS generator. 

40 During playback, the playback controller 110 plays back 
the packet data with the added ATS from the recording 
medium 108 and sends the playback data to the ATS 
processor 112. The ATS processor 112, which includes a 
buffer of a predetermined size, temporarily stops reading 

45 data when the buffer overflows, and restarts the reading 
when the buffer is empty, repeatedly. The ATS processor 112 
reads the ATS and corresponding packet data of a first 
packet, from its internal buffer, and sets the counter 102 
based on the ATS whUe outputting the packet data. The 

50 output data of the ATS processor 112 is pure packet data 
from which the ATS has been removed. Thereafter, packet 
data is output only when the added ATS of the packet is 
determined to have the same value as the count value of the 
counter 102 by comparing the ATS with the count value. The 

55 buffer included in the ATS processor 112 may also be 
separately provided on the outside. Due to such configura- 
tion and operation as described above, data can be trans- 
mitted to a receiving party having a decoder . while the 
original time intervals of packet data are maintained during 

60 playback so that decoding can be smoothly performed. 

In addition to simple playback functions in which 
recorded data is sequentially played back from beginning to 
end, special playback functions, which are provided in 
analog recording and playback apparatuses such as existing 

65 video cassette recorders (VCRs) and in digital audio and 
video (AV) apparatuses which record or play back data in or 
from two dimensional recording media such as video CD 



10/07/2003, EAST Version: 1.04.0000 



us 6,408338 Bl 



and DVD, must be supported. Accordingly, a fast search 
function is used in playing back of data starting from an 
aibitrary position of a data stream. For example, time 
searching is representatively used to perform playback start- 
ing from data corresponding to a desired time or data soon 
after the desired time, instead of starting from the beginning. 
In this case a fast search function is desired. In addition, it 
is necessary to quickly search for desired positions when a 
user collects data streams from various positions on a 
recording medium to make a new playback order of the 
collected data streams and plays back the data streams in the 
new order. 

FIG. 3 is a diagram for explaining a time search in a case 
where data with an ATS is recorded without a special 
information structure. Referring to FIG. 3, if it is assumed 
that a specified target time is ATSl, every ATS is quickly 
read starting from the beginning of a data stream, and the 
values of ATSs, which are added to packets, are compared 
with the value of ATSl in order to find out the position of 
data corresponding to the time slot of ATSl. As the result of 
the comparison, data packets having ATS values smaller 
than the value of ATSl are all discarded, and playback is 
performed starting from the packet data having an ATS value 
equal to or larger than the value of ATSl. Accordingly, when 
a special information structure for fast searching is not 
provided, since every data item must be read and checked 
from the beginning to find desired data, there is a problem 
that it takes too much time to search the data. 

SUMMARY OF THE INVENTION 

To solve the above and other problems, it is an object of 
the present invention to provide a method for generating 
cAinformation for facilitating special playback such as fast 
searching, after recording digital data having a packet struc- 
ture which is used in digital satellites, digital terrestrial 
waves, digital cable broadcasting or asynchronous transfer 
mode (ATM) transmission networks. 

It is another object of the present invention to provide a 
recording medium for storing information for facilitating the 
implementation of a special playback function such as time 
A^scarching, on a recording medium such as an optical disk 
which allows random access unlike a one dimensional 
medium such as a tape. 

It is still another object of the present invention to provide 
a recording and/or playback apparatus for recording infor- 
mation for fast searching of a recording medium, quickly 
searching for a position which a user desires to playback 
data, using the recorded information for fast searching, and 
playing back data starting from the corresponding position. 

Additional objects and advantages of the invention will be 
set fourth in part in the description which follows and, in 
part, will be obvious from the description, or may be learned 
by practice of the invention. 

Accordingly, to achieve the first object and other objects 
of the present invention, there is provided a method of 
generating information for fast searching. The method 
includes the steps of segmenting a data stream comprising 
input packet data, into a plurality of basic units, each basic 
unit having a predetermined size, generating basic unit 
information related to each of the basic units of the data 
stream, and generating data stream information including a 
plurality of the basic unit information, each of the basic unit 
information of the basic unit having arrival time information 
of a first packet of data of a corresponding basic unit. 

To achieve the second object and other objects of the 
present invention, there is provided a recording mediimi 



including a first area having a data stream which includes 
packet data of a plurality of basic units of a predetermined 
size, and a second area having data stream information 
which includes a plurality of basic unit information of basic 
S units having arrival time information of a first packet of data 
of corresponding ones of the basic units, wherein a desired 
position in the data stream of the first area is quickly 
searched based on the data stream information of the second 
area. 

10 To achieve the third object and other objects of the present 
invention, there is provided a recording apparatus including 
a data stream information generator for segmenting a data 
stream comprising input packet data into basic units of a 
predetermined size and generating data stream information 

IS having a plurality of basic unit information, each of the basic 
unit information of the basic unit including arrival time 
information of a first packet of data of a corresponding one 
of the basic units; and a recording controller for recording 
the data stream is recorded in a first area of a recording 

20 medium and the data stream infonnation is recorded in a 
second area of the recording medium. 

There is also provided a playback apparatus for playing 
back data recorded in a recording medium which includes a 
first area having a data stream which includes packet data 

25 and a second area having data stream information which 
includes a plurality of basic unit information, each of the 
basic uinit information of the basic unit having arrival time 
information of a first packet of data of a corresponding one 
of the basic units, the basic unit which is obtained by 

30 segmenting the data stream in the first area into units of a 
predetermined size. The playback apparatus includes a data 
stream information processor for comparing the arrival lime 
of a target position with arrival time information of each of 
a first packet of data of corresponding one of the basic units, 

35 so as to search the arrival time information corresponding to 
the arrival time of the target position and for detecting 
position information of the basic unit corresponding to the 
searched arrival time information; and a playback controller 
for playing back data starting from the basic unit in a data 

^0 stream on the recording medium corresponding to the 
detected basic unit position information. 

In another aspect of the present invention, there is pro- 
vided a recording and playback apparatus including a data 
stream information generator for segmenting a data stream 
comprising input packet data into basic units of a predeter- 
mined size and generating data sU'eam inform adoo having a - 
plurality of basic unit information, each of the basic unit 
information of the basic unit including arrival time infor- 
mation of a first packet of data of a corresponding one of the 

50 basic units; a recording controller for recording the data 
stream is recorded in a first area of a recording medium and 
the data stream information is recorded in a second area of 
the recording medium; a data stream information processor 
for comparing the arrival time of a target position with 

55 arrival time information of each of a first packet of data of 
corresponding basic units, so as to search the arrival time 
information corresponding to the arrival time of the target 
position and for detecting position information of the basic 
unit corresponding to the searched arrival time information; 

^0 and a playback controller for playing back data of the data 
stream recorded on the recording medium starting from the 
basic unit corresponding to the detected basic unit position 
information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objectives and advantages of the present 
invention will become more apparent by describing in detail 



65 
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embodiments thereof with reference to the attached segmented into predetermined sizes (preferably, 256 

drawings, in which: kilobytes) each defined as a stream object unit (SOBU) 

HG. 1 shows the basic form of recorded data including which is a basic unit. As shown in FIG. 4A, the ATS of the 

input packet data and iu arrival time information and the fir^t packet of an SOBU is defined as information which is 

conccptional relation between the recorded data and data 5 named a first ATS (FATS). Stream object unit information 

output time intervals during playback; (SOBUI), which is basic unit information, is generated 

r-tr- 1 • ui 1 J- L • J- J based on the FATS of each SOBU. 

FIG. 2 IS a block diagram showing a recording and ^^^^ ^ 

playback apparatus for the packet data shown in FIG. 1; Basically, a packet with one ATS simply constitutes a 

HG. 3 is a diagram for explaining a conventional time „ single SOBU. On the other hand, as shown in FIG, 4B. 

search method for a packet data; ^° P^^^^^ mulUple ATSs are collected and an extra header 

T-T^<- A A ^ r . 1-* . is added to the collected packet data to form a pack 

FIGS. 4A and 4B show the structure of stream obiecl umt >. ^ r^nAoi, * \ j i i * <■ i 4 * * 

• r /o^T^Fiix jf r . u- r i .j. (generally, 2048 bytcs) and a plurality of packs constitutc a 

mformation (SOBUI) used for fast searchmg of packet data , o/^r>TT ^ r 

J. . \. . . to i' smgle SOBU. 

according to the present mvention; ^ 

™^ - . , c ,u ^ ^ f . As shown in FIGS. 4A through 5, as well as FATS of 6 

FIG. 5 shows an embodiment of the structure of stream 15 . ^ . . ^ . ^ ■ c J c ax. ^ u- u • 

, . , . r /c^r\m\ J* * *L *• bytes or 4 bytes, additional mformation of 4 bytes, which is 

object mformation (SOBI) according to the present inven- ^ . j^i ^ jn l jjj* 

^^^^ ^ ^ tor represented by Reserved 1 and Reserved 2, may be added to 

, . . , . . , a single SOBUI. The additional information Reserved 1 and 

HG. 6 shows the relation between a stream object and Reserved 2 may also be each one byte. The additional 

SOBI which are recorded in a recording medium according information is used for managing smaller units within a 

to the present invention; 20 ^j^g^^ gQg^. 

no. 7 shows the structure of a counter used in a Moving ^^^^ combined with general information to generate 

Picture Experts Group (MPEG)-2 system to give a better ^^^^^ ^^^j^^^ information (SOBI) which is data stream 

understanding of the present invention; information used for fast searching according to the present 

HGS.SA and 8B show the relation between a first arrival invention, as shown in FIG. 5. The general infonnation 

time stamp (FATS) and packet data when the FATS of each ^ includes information related to an entire SOB such as the 

SOBU is recorded using a system clock signal of 90 KHz; number of SOBUIs and/or the sizes of SOBUs. 

FIG. 9 is a block diagram of a recording apparatus On a recording medium of FIG. 6 according to the present 

according to an embodiment of the present invention; invention an area 20 exists in which packet data with ATSs 

FIG. 10 a block diagram of a playback apparatus accord- is recorded, and an area 22 exists in which special informa- 

ing to an embodiment the present invention; and tion for fast searching is recorded. The area 20 where packet 

FIG. 11 is a diagram showing an example of fast search- data is recorded includes a plurality of SOBs. The area 22 

ing which is realized using binary searching which can be where information for fast searching is recorded includes 

applied to the present invention. SOBIs which are information on the corresponding SOBs of 

35 area 20. The information for an i-th basic unit SOBUi within 

DESCRIPTION OF THE PREFERRED a second SOB corresponds to an i-th basic unit information 

EMBODIMENTS SOBUIi within a second SOBI. In other words, the FATS of 

The present invention relates to a method of generating the i-lh basic unit SOBUi within the second SOB is the first 

special infonnation on the position of data, for supporting packet^s ATS included in the i-th basic unit information 

fast searching while recording the packet data, a recording 40 SOBUIi within the second SOBI. Here, the area where 

medium in which the generated information and the packet Packet data is recorded may be named a first area and the 

data are recorded together, a recording apparatus for record- area where data stream inforaaation for fast searchmg is 

ing the packet data and the special information for fast recorded may be named a second area. The foUowing 

searching, and a playback apparatus for searching for a description concerns how to represent the ATS of packet 

position from which a user desires to playback data, based 45 ^^^^ ^^^^ ^^^^ ^^^^ 

on the special information and playing back the packet data A counter is driven by a system clock signal. In the 

starting from the desired position of the packet data. The method of representing a particular time using a value of the 

recording apparatus of the present invention is an apparatus counter which is driven by a system clock signal, which is 

which records packet data transmitted from a transmitting used in a general MPEG-2 system standard, the point in time 

party in a recording medium. The playback apparatus of the 50 at which a single packet is input into a decoder buffer is 

present invention is an apparatus which outputs recorded referred to as a decoding time stamp (DTS), and the point in 

data to a decoder. Generally, the recording apparatus, the time at which a single picture of decoded data is output is 

playback apparatus and the decoder can be made into one referred to as a presentation time stamp (PTS). The particu- 

system. In describing the present invention, to simphfy the lar time is represented using DTS and PTS, At this time, the 

description, packet data is limited to an MPEG-2 transport 55 counter is driven by a 27 MHz clock signal. In an MPEG-1 

stream (TS). system which was established prior to the MPEG-2 system 

When recording packet data, information on the arrival standard, a 90 KHz system clock signal is used. In MPEG-2, 

time of the corresponding packet data is added to the packet a 27 MHz counter is provided as shown in FIG. 7 for 

data. A data stream which is recorded through such operation compatibility with MPEG-1 . 

is called a stream object (SOB) in the present invention. A 60 A fi*equency of 90 KHz is obtained by dividing 27 MHz 

plurality of SOBs may be recorded in a recording medium. by 300. As shown in FIG. 7, 9 lower bits, bO to b8, represent 

For example, when a user starts and stops recording one a count value of a O-to-299 counter (a counter having values 

time, one SOB is generated. Thereafter, if the user starts and from 0 to 299) which is driven by a 27 MHz system clock 

stops recording again, another SOB is generated. In the signal. Also, 32 upper bits, bl6 to b47, represent a count 

present invention, a single SOB is segmented and the 65 value of a counter driven by a 90 KHz system clock signal, 

segments of the SOB are individually managed. In other The O-to-299 counter may be implemented by a 9-bit 

words, a sequence of packet data with added ATSs is counter bl5, are all set to 0 to align the rows of bytes, 
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thereby comprising 2 bytes. A 90 KHz cx)unt value is In the case of representing the FATS of the first packet of 
generated by a 4-byte counter, and a 27 MHz count value is a basic unit using a 90 KHz count value, when a user desires 
generated by a 6-byte counter as a whole. to playback data starting from 100.010, playback is per- 
il is assumed that ATSs of packet data used in the present formed starting from the basic unit S0BU2 since the arrival 
invention are formed by the coimter as shown in FIG. 7. It S lime of the first packet of the basic unit S0BU2 is 100. 
is obvious that the present invention can be applied to olher However, the last packet of the basic unit SOBUl is the 
system clock signals and counters. However, system clock closest packet succeeding the desired lime so thai problems 
signals must be sufficiently fast with respect to the trans- can occur when accurate playback is required. Accordingly, 
mission speed of input packet data to ensure the playback is ^ case, playback must be performed starting from the 
performed in time intervals similar to original time intervals 10 basic imit SOBUl preceding the basic unit S0BU2 which is 
in which the input packet data was transmitted, fou°d based on the arrival time information of the first 

An ATS value added to packet data is expressed by using P^^^^^ ^^^^ 

the entire value of the 6-byte counter, as shown in FIG. 7, to However, the length of a packet is usually longer that 38 

ensure accurate time intervals between packet data. bytes and a transmission speed is slow even though the 

However, since the FATS of the first packet of a basic unit, packet is smaller than 38 bytes so that the transmission time 

which is stored in basic unit information, is used for finding of a single packet is longer than Vi>o KHz. Consequently, 

a particular position but is not used during actual playback, ^ven when the arrival times of the first packets of basic units 

the FATS may be recorded in a different form. The simplest are represented using a 90 KHz count value, no problems 

method is to set a FATS to a count value using the entire 6 occ^^. Even if the transmission time of a single packet is 

bytes. This method uses the most accurate value that can be ^° smaller than V^o KHz, problems do not occur as long as 

represented so that it is most preferable in view of accuracy. accurate playback is not required. When packet data is small 

However, a FATS of 6 bytes is required for each basic unit and accurate playback is required, playback will be per- 

as basic unit information. formed starting from the basic unit preceding a basic unit 

To decrease the size of a FATS, as shown in FIG. 7, only ^ ^^^^ °" ^^^'"^ ^^^^ information, 

the 4 upper bytes may be used. The method using only 4 PIG- ^ is a tilock diagram showing an embodiment of a 

upper bytes is to represent data transmitted at 27 MHz using recording apparatus according to the present invention. The 

a 90 KHz count value. This method does not usually have recording apparatus includes a controller 202, a counter 204 

problems, but a state such as that shown in FIG. 8Aor FIG. driven by a system clock signal, an ATS generator 206 for 

8B can occur when packet data is very small or is transmit- receiving packet data and adding an ATS to the received 

led very fast. packet data, an SOBI generator 208, and a recording con- 

In FIG. 8A, the length of a single packet is longer than V90 ^10 for recording the packet data to which the ATS 
KHz. Hie arrival times ofpackets are differently represented been added and an SOBI generated by the SOBI 
when using a 90 BCHz count value than when using a 27 MHz generator 208 m a recordmg medium 212. 
count value. When using the 27 MHz count value, the arrival 35 More specifically, the SOBI generator 208 segments an 
time of the first packet of a basic unit SOBUl is 000.020 and SOB, which includes added ATSs, into SOBUs of a prcde- 
the arrival time of the first packet of a basic unit S0BU2 is tennined size and generates SOBUIs for the respective 
100.200. Here, among six digits representing an arrival time, SOBUs. An SOBUl includes the FATS of the first packet 
the three upper digits correspond to a 90 KHz count value ^^^^ of a corresponding SOBU. A plurality of SOBUIs are 
and the three lower digits correspond to a 27 MHz O-to-299 40 combined with general information to generate an SOBI. 
count value. When using the 90 KHz count value, the arrival Th® SOBI generator 208 can be implemented in the form of 
times of the first packets of the basic units SOBUl and software operating in the controller 202. 
S0BU2 are 000 and 100, respectively. For example, when During recording operation, the controller 202 sets the 
playing back data starting from 100.010, since the arrival counter 204 to an initial value at the beginning of the 
time 100.200 of the basic unit S0BU2 is larger than the 45 operation. Thereafter, packet data is received and the record- 
desired value in the case of representing the arrival time ing operation starts. At the time when packet data is 
using a 27 MHz count value, data is played back starting received, the ATS generator 206 establishes the count value 
from the basic unit SOBUl. In the case of using a 90 KHz of the counter 204 as the ATS of the corresponding packet 
count value, the arrival time of the basic unit SOBU2 is 100 data and adds the ATS to the packet data. The packet data 
so that the data is played back starting from the basic unit 50 with the added ATS is stored in the recording medium 212 
S0BU2. The actual start time of the basic unit S0BU2 is via the recording controller 210. As described above, other 
100.200. However, the basic unit S0BU2 is the closest additional information may be recorded together with the 
succeeding packet to the time 100.010 so that accurate packet data and AFS to comply with the characteristics of the 
playback operation can be achieved. recording medium 212. 

In FIG. 8B, the length of a single packet is smaller than 55 For example, as shown in FIG. 4B, when the character- 
V90 KHz (11.1 /«) in the temporal aspect. When packet data istics of a recording medium require the management of data 
is transmitted at a speed of 27 Mbps, a single packet has the in units of 2048 bytes (a pack), to record packet data with an 
size of 300 bits which is smaller than 38 bytes. Accordingly, ^S while complying with the characteristics of the record- 
in the case of representing arrival times of packets using a ing medium, additional data will be added and recorded. For 
90 KHz count value, the arrival times of different packets 60 illustrative purpose, additional data other than the ATS is 
may have the same value. In other words, as shown in FIG. neglected in the description of the present invention. 
8B, the arrival time of the last packet of the basic unit Meanwhile, for use in personal computers, a plurality of 
SOBUl is 100.010 and the arrival time of the first packet of recorded SOBs may be all combined into a single file or they 
the basic unit S0BU2 is 100.200 when representing the may be individually made into a plurality of files. The SOBI 
arrival time using a 27 MHz count value. However, both 65 generator 208 segments recorded packet data into SOBUs 
arrival times are represented by 100 when using a 90 KHz each having a predetermined size, forms SOBUIs for the 
count value. respective SOBUs, and generates an SOBI by combining the 
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plurality of SOBUIs with general information. Each of the playback controller 312 and compares the read SOBUIs with 

SOBUb includes the FATS of the first packet of a corre- the target arrival time so as to determine position informa- 

sponding SOBU. The SO BUI may also include additional tion of an SOBU including the target arrival time. The 

information besides the FATS as represented by Reserved 1 position information of the SOBU is sent to the playback 
and Reserved 2 shown in FIG. 4Aand FIG. 5. For example, 5 controller 312. Subsequently, the playback controUer 312 

information on the smaller units within an SOBU may be controls data to be played back starting from the SOBU 

recorded as the additional information. The sizes of SOBUs including the target arrival time, 

may be constant throughout all the plurality of SOBs. On the The ATS processor 314 sets the counter to the ATS of 

other hand, the sizes of SOBUs may be different in different packet data which is first read. Thereafter, the ATS processor 
SOBs. When the sizes of SOBUs are differently defined in lo 314 compares the ATSs of packets with the count value of 

different SOBs, the information on the size of a SOBU is the counter 304 and outputs the corresponding packet data 

included in general information on a recording medium such when the count value is equal to the ATS of the packet. The 

as the recording medium 212. SOBI converter 306 and the SOBE processor 308 may be 

For example, in a case in which the size of an SOBU is implemented in the form of software which operates in the 
set to 256 kilobytes and the capacity of a recording medium 15 controller 302. An actual position at which an SOBU is 

is 5 gigabytes, approximately 20,000 SOBUIs are generated recorded is obtained by mtiltiplyiog the obtained position of 

based on the calculation 5 gigabytes/256 kilobytes, lo a case the SOBU by the size of the SOBU. 

in which each SOBUI is composed of only a FATS, when the In simple playbadc operation, SOBs recorded in a record- 

FATS is composed of 4 bytes, the maximum size of the ing medium are sequentially read. Packet data with ATSs, 

entire SOBUI is 78 kilobytes and when the FATS is com- which is read sequentially, is provided to the ATS processor 

posed of 6 bytes, the maximum size of the entire SOBUI is 314. The ATS processor 314 sets the counter 304 to the ATS 

117 kilobytes. In a case in which each SOBUI is composed of packet data which is first input, and simultaneously 

of a FATS and additional information Reserved 1 and outputs the packet data. Thereafter, the ATS processor 314 

Reserved 2 of 2 bytes, the maximum size of the entire compares the ATSs of packet data following the first packet 
SOBUI is 157 kilobytes. In a case in which each SOBUI is ^ data with a count value of the cotmter 304, and outputs the 

composed of a FATS and additional information Reserved 1 packet data when the ATS of the packet data is equal lo the 

and Reserved 2 of 4 bytes, the maximum size of the entire count value of the counter 304. After the output of one SOB 

SOBUI is 196 kilobytes. has been completed, a subsequent SOB is read and the above 

When recorded data is 6 Mbps video data, which is process is repeated, 
usually used in digital broadcasting, the data of 256 kilo- Time search operation in which data is played back 
bytes corresponds to 0.35 seconds. When considering that a starting from a particular point of an SOB will be described 
group of pictures (GOP) which is used as a basic unit of with reference to FIG. 11. Primarily, a user inputs a search 
decoding in an MPEG video standard corresponds to 0.5 signal indicating a particular position from which the user 
seconds, the size, 256 kilobytes, of an SOBU has substan- desires to playback data. For example, if a user desires to 
tially significant meaning. playback a program 2 starting from the position correspond- 
In another example, in a case in which the size of an ing to one hour after the beginning of the program 2, the 
SOBU is 128 kilobytes, the number of SOBUIs is about input information which indicates one hour after the begin- 
40,000. Accordingly, the total size of SOBUIs doubles as ning of the program 2 is converted into the arrival time 
compared with the case in which the size of an SOBU is 256 information of an S0B2, which is represented by "ATSl- 
kilobytes. In this case, although the amount of information 65", by the SOBI converter 306. 

is increased to double, more accurate management is pos- To convert the position desired by a user into the arrival 

sible. time information of an SOB in the SOBI converter 306, 

At the time of terminating the recording, the controller information on the relation between a program and an SOB 
202 terminates the recording and records the SOBI, whicb is 45 must be separately recorded. The converting operation may 

obtained by combining the SOBUIs with the general be implemented by software which operates in the controller 

information, in the recording medium 212. The general 302 in the playback apparatus. 

information includes the number of SOBUIs. If recording is Alternatively, a control signal (ArSl=65), which indi- 

restarted by a user, data is recorded in such a manner that the cales to perform playback starting from the position corre- 
data is added to an existing SOB as the part of the existing 5Q sponding to the arrival time 65 of the S0B2, may be input 

SOB or that a new SOB for the new data that is generated. to the SOBI converter 306 as a position search signal. Once 

When adding data to an existing SOB during recording, the a target SOB and a target arrival time are obtained, they are 

size of an existing SOBI is increased. On the other hand, provided to the SOBI processor 308, The SOBI processor 

when a new SOB is generated during recording, a new SOBI 308 reads an SOBI from the recording medium 310 and 
is generated. Consequently, one SOB has one SOBI. 55 obtains an SOBUI which includes the target arrival time 

FIG. 10 is a block diagram showing an embodiment of a ATSl. The SOBUI including the target arrival time ATSl 

playback apparatus according to the present invention. The may be obtained by comparing the FATSs of all the SOBUIs 

playback apparatus includes a controller 302, a counter 304 with the ATSl. 

which is driven by a system clock signal, an SOBI converter If the binary search as shown in FIG. 11 is applied to a 
306 for converting a search signal, which indicates a par- 50 case in which the arrival times of packets forming a single 

ticular position entered by a user, into the target arrival time SOB show monotonic increase, much faster searching can 

information of a particular SOB, an SOBI processor 308, a be achieved. The binary search is an algorithm which is 

playback controller 312 for reading data from a recording frequently used when determining where a particular num- 

medium 310, and an ATS processor 314. her is located in a sequence of numbers. 

The SOBI processor 308 reads the SOBUIs of an SOBI, 65 For example, if there are a total 100 FATSs, it is deter- 

which includes the target arrival time obtained by the SOBI mined which of the 100 FATSs is the 50th FATS which is at 

converter 306, from the recording medium 310 via the the center of the 100 FATSs and whether the ATSl is larger 
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than the 50th FATS. When the ATSl is larger than the 50th 
FATS, this means that the desired position falls under one of 
the FATSs succeeding the 50th FATS including the 50th 
FATS. When the ATSl is smaUcr than the 50th FATS, this 
means that the desired position falls under one of the FATSs 
prior to the 50th FATS. When the AFSl is larger than the 
50th FATS, the FATSs prior to the 50th FATS are all 
discarded and the FATSs succeeding the 50th FATS arc 
checked. The ATSl is compared with the FAFS at the center 
of the group of the FATSs succeeding the 50th FATS, i.e., the 
75th FATS. In RG, 11, a case in which the total number of 
FATSs is 8, is shown as an example. 

After repetition of the above operation, one position is 
finally determined. When the number of FATSs is N, the 
frequency of comparison according to the binary search is 
log^N. For example, when there are 20,000 FATSs, the 
frequency is logjlOOOO, that is, the desired position is 
obtained after 15 comparisons. As compared with the 
method in which all the FATSs are sequentially compared 
with the arrival time information of a target SOB starting 
from the beginning, this method ensures very fast search. In 
FIG. 11, after three (log^S) comparisons, it can be confirmed 
that the sixth SOBU includes the packet data which has the 
target arrival time. 

Consequently, if the size of a single SOBU is considered 
after the position of an SOBUI corresponding to the ATSl 
has been found, an actual position of the corresponding 
SOBU on a disk can be obtained. For example, if the FATS 
of the 100th SOBUI is smaller than the ATSl and the FATS 
of the 101st SOBUI is larger than the ATSl, this means that 
the 100th SOBU includes packet data corresponding to the 
ATSl. In addition, if the size of a single SOBU is 256 
kilobytes, it can be known that the 100th SOBU starts from 
the (100-l)*256K=25344th kilobyte from the beginning of 
a corresponding SOB. Therefore, playback is performed 
starting from the obtained position. 

Accordingly, the ATS processor 314 of FIG. 10 compares 
the ATSs of input packet data with the ATSl and discards 
packet data having ATSs smaller than the ATSl. The ATS 
processor 314 sets the counter 304 to the ATS of packet data 
when the ATS thereof is equal to the ATSl or larger than the 
ATSl by a minimum difference. Thereafter, the remaining 
packet data is processed in the same manner as in the simple 
playback operation. 

In the above description, a recording apparatus and a 
playback apparatus are separately implemented as shown in 
FIG. 9 and FIG. 10, respectively. However, a recording and 
playback apparams may be provided in which all the ele- 
ments depicted in FIGS. 9 and 10 are included and a system 
clock signal, a counter, which is driven by the system clock 
signal, and a controller, are used in common. 

As described above, the present invention generates a 
basic unit by segmenting packet data into units of a prede- 
termined size and generates basic unit information for each 
basic unit. The basic unit information includes information 
indicating the arrival time of the first packet of a corre- 
sponding basic unit. This information is recorded with a data 
stream and used when quickly searching for a desired 
position during special playback such as a time search. If a 
fast search method such as binary searching is applied to the 
present invention, much faster searching can be realized. 

What is claimed is: 

1. A method of generating information used for fast 
searching, the method comprising: 
receiving packet data and adding an arrival time stamp of 
packet data to the received packet data; 
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segmenting a data stream comprising the packet data, into 
a plurality of basic units, each basic unit having a 
predetermined size; 

generating basic unit information related to each of the 
basic units of the data stream; and 

generating data stream information including a plurality 
of the basic unit information, each of the basic unit 
information of the basic unit having arrival time infor- 
mation of a first packet of data of a corresponding one 
of the basic imits. 

2. The method of claim 1, wherein the data stream 
information further comprises general information related to 
the entire data stream, the general information including a 
number of the basic unit information and/or sizes of the 
plurality of basic units. 

3. The method of claim 1, wherein the arrival time 
information of the first packets of data which are recorded in 
corresponding ones of the basic units are represented by a 
6 -byte count value which is obtained by counting according 
to a 27 MHz clock signal. 

4. The method of claim 3, wherein each basic unit 
information further comprises a maximum of 4 bytes of 
additional information. 

5. The method of claim 1, wherein the arrival time 
information of the first packet of data which is recorded in 
corresponding ones of the basic units are represented by a 
4-byte count value which is obtained by performing count- 
ing according to a 90 KHz clock signal. 

6. The method of claim 1, wherein each of the basic units 
has a size of 256 kilobytes. 

7. The method of claim 1, wherein each of the basic units 
has a size of 128 kilobytes. 

8. The method of claim 1, wherein the data stream 
comprises the packet data to each of which the arrival time 
information of a corresponding packet is added. 

9. The method of claim 1, wherein the data stream 
comprises packs and each pack comprises a predetermined 
number of packet data to which the corresponding arrival 
time information is added, and an extra header. 

10. A recording medium comprising: 

a first area having a data stream which includes packet 
data of a plurality of basic units of a predetermined 
size; and 

a second area having data stream information which 
includes a plurality of basic unit information of the 
basic units which have arrival time information of first 
packets of data of corresponding ones of the basic units, 
the basic unit which is obtained by segmenting the data 
stream into units of a predetermined size in the first 
area, 

wherein a desired position in the data stream of the first 
area is searchable by comparing an arrival time of 
the desired position with the plurality of basic unit 
information of the basic units which have the arrival 
time information of the first packets of data of the 
second area. 

11. The recording medium of claim 10, wherein the data 
stream information further comprises general information 
related to the entire data stream, the general information 
including a number of basic unit information and/or sizes of 
the plurality of basic units. 

12. The recording medium of claim 10, wherein the 
arrival time information of the first packets of data which are 
recorded in corresponding ones of the basic units are rep- 
resented by a 6-byte count value which is obtained by 
counting according to a 27 MHz clock signal. 

13. The recording medium of claim 12, wherein each 
basic unit information further comprises a maximum of 4 
bytes of additional information. 
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14. The recording medium of claim 10, wherein the 
arrival time information of the first packets of data which are 
recorded in corresponding ones of the basic units are rep- 
resented by a 4-bytc count value which is obtained by 
counting according to a 90 KHz clock signal. 

15. The recording medium of claim 10, wherein each of 
the basic units has a size of 256 kilobytes. 

16. The recording medium of claim 10, wherein each of 
the basic units has a size of 128 kilobytes. 

17. The recording medium of claim 10, wherein the data 
stream comprises the packet data to each of which arrival 
time information of a corrcspoDding packet is added. 

18. The recording medium of claim 10, wherein the data 
stream comprises packs and each pack comprises predeter- 
mined number of the packet data to which arrival time 
information is added, and an extra header. 

19. A recording apparatus using a recording medium, 
comprising: 

an ATS generator receiving packet data and adding an 
arrival time stamp of packet data to the received packet 
data; 

a data stream information generator to segment a data 
stream comprising the packet data into basic units of a 
predetermined size and generating data stream infor- 
mation having a plurality of basic unit information, 
each of the basic unit information of the basic unit 
including arrival time information of a first packet of 
data of a corresponding one of the basic units; and 

a recording controller to record the data stream in a first 
area of the recording medium and the data stream 
information in a second area of the recording medium. 

20. The recording apparatus of claim 19, further compris- 
ing: 

a counter driven by a system clock signal and initialized 
at a time when the data stream is input, to provide a 
count value; and 

an anival time information generator to add the count 
value to the packet data as the arrival time information. 

21. The recording apparatus of claim 19, wherein the data 
stream information generator is a controller implemented as 
software. 

22. The recording medium of claim 19, wherein the 
arrival time information of the first packets of data which are 
recorded in corresponding ones of the basic units are rep- 
resented by a 6-byte count value which is obtained by 
counting according to a 27 MHz clock signal. 

23. The recording apparatus of claim 22, wherein each 
basic unit information fiirther comprises a maximum of 4 
bytes of additional information. 

24. The recording medium of claim 19, wherein the 
arrival time information of the first packets of data which are 
recorded in corresponding ones of the basic units are rep- 
resented by a 4-byte count value which is obtained by 
counting according to a 90 KHz clock signal. 

25. The recording apparatus of claim 19, wherein the data 
stream information further comprises general information 
related to the entire data stream, the general information 
including the number of basic unit information and/or sizes 
of the plurality of basic imits. 

26. The recording apparatus of claim 19, wherein each of 
the basic units has a size of 256 kilobytes. 

27. The recording apparatus of claim 19, wherein each of 
the basic units has a size of 128 kilobytes. 

28. The recording apparatus of claim 19, wherein the data 
stream comprises the packet data to each of which arrival 
time information of a corresponding packet is added. 
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29. The recording apparatus of claim 19, wherein the data 
stream comprises packs and each pack comprises a prede- 
termined number of packet data to which the arrival time 
information is added, and an extra header. 
S 30. A playback apparatus for playing back data recorded 
in a recording medium, the recording medium comprising a 
first area having a data stream which includes packet data of 
a plurality of basic units of a predetermined size and a 
second area having data stream information which includes 
a plurality of basic unit information, each of the basic unit 
information of the basic units having arrival time informa- 
tion of a first packet of data of a corresponding one of the 
basic units, the playback apparatus comprising: 

a data stream information processor to compare an arrival 
time of a target position with the arrival time informa- 
tion of each of the first packets of data of the corre- 
sponding basic units, so as to search the arrival time 
information corresponding to the arrival time of the 
target position and to detect basic unit position infor- 
mation of the basic unit corresponding to the searched 
20 arrival time information; and 

a playback controller to play back data of the data stream 
recorded on the recording medium starting from the 
basic unit corresponding to the detected basic unit 
position information. 
25 31. The playback apparatus of claim 30, wherein the 
recording medium comprises a plurality of data streams, and 
the playback apparatus further comprising a data stream 
information converter to convert the target position, which is 
input by a user, into the arrival time information of a 
30 particular one of the data streams. 

32. The playback apparatus of claim 30, wherein the data 
stream information processor is a controller implemented as 
software. 

33. The playback apparatus of claim 30, wherein the data 
35 stream information processor compares the arrival time of 

the target position with the arrival time information of the 
first packets of data of the corresponding basic units 
included in the basic unit information, and detects the basic 
unit position information of the basic unit corresponding to 
40 the arrival time of the target position. 

34. The playback apparatus of claim 30, wherein the data 
stream comprises the packet data to each of which arrival 
time information of a corresponding packet is added. 

35. The playback apparatus of claim 34, further compris- 

45 

a counter driven by a system clock signal to generate a 
counted value, wherein, during normal playback, the 
counter is set according to the arrival time information 
added to the first packet of data which is played back 

50 by the playback controller, and, during fast searching, 
the counter is set according to the arrival time infor- 
mation added to the packet data having the arrival time 
which is equal to or larger than a target arrival time by 
a minimum difference; and 

55 an arrival time information processor to output the packet 
data after removing the arrival time information added 
to the packet data when the counted value of the 
counter is equal to the arrival time information added to 
the packet data during the normal playback and provide 

60 the arrival time information added to the packet data 
having the arrival time which is equal to or larger than 
the target arrival time by a minimum difference, during 
the fast searching. 

36. The playback apparatus of claim 30, wherein the data 
65 stream comprises packs and each pack comprises a prede- 
termined number of packet data to which the arrival time 
information is added, and an extra header. 



10/07/2003, EAST Version: 1.04,0000 



us 6,408338 Bl 

15 16 

37. The recordiog medium of claim 30, wherein the a counter driven by a system clock signal, to generate a 
arrival time information of the first packets of data which are count value; 

recorded in corresponding ones of the basic units are rep- ^ ^^^^^ information generator to add the arrival 

resented by a 6-byte count value which is obtained by (j^^ information to the packet data according to the 

counung according to a 27 MHz clock signal S count value of the counter; and 

38. The playback apparatus of claim 37, wherein each 

basic UDil informatioD further comprises a maximum of 4 ^^^^^^ information processor to set, during nor- 

bytes of additional information, playback, the counter according to the arrival time 

39. The recording medium of claim 30, wherein the information added to the packet data which is played 
arrival time information of the first packets of data which are lO ^^^^ playback controller, to set, during fast 
recorded in corresponding ones of the basic units are rep- searching, the counter according to the arrival time 
resented by a 4-byte count value which is obtained by information added to the packet data having the arrival 
counting according to a 90 KHz clock signal. time which is equal to a target arrival time or laiger than 

40. The playback apparatus of claim 30, wherein the data the target arrival time by a minimum difference, and to 
stream information further comprises general information is output the packet data which is played back after 
related to the entire data stream, the general information removing the arrival time information added to the 
including the number of basic unit information and/or sizes packet data when the count value of the counter is equal 
of the pIuraHty of basic units. to the arrival time information added to the packet data. 

41. The playback apparatus of claim 40, wherein the 4^ i^e recording and playback apparatus of claim 44, 
playback controller plays back the data stream starling from 20 therein the anival time information of the first packets of 
the basic unit corresponding to an actual position on the ^^^^ ^^-^^ ^^^^^^^ ^ corresponding ones of the basic 
recording medium, the actual position being obtained by represented by a 6.byte count value which is 
multiplying Uie detected basic unit position information by ^^^^^^^ ^ ^^^^^ ^ ^7 MHz clock signal, 
the size of the basic umt. j- j 1 u 1 ^ c ^ • ao 

42. The playback apparatus of claim 30, wherein each of 25 l'^ ""f F^'^^'"^. »PPf»^ 

the basic units has a s^e of 256 kilobytes. ^""^ ^^'"^ ""'^ mformation fiirtber oompnses a 

43. The playback apparatus of claim 30, wherein each of 4 bytes of additional informaUon. 

the basic units has a size of 128 kilobytes. ^0. The recording medium of claim 44, wherem the 

44. A recording and playback apparatus using a recording information of the first packete of data which are 
medium, comprising: 30 recorded in corresponding ones of the basic units are rep- 

an ATS generator receiving packet data and adding an '^^^^^ ^ "^^y^ ''J"'' ^y 

arrival time stamp of packet data to the received packet counting according to a 90 KHz clock signal, 

jjjj. 51. The recording and playback apparatus of claim 44, 

a data 'stream information generator to segment a data information further comprises gen- 
stream comprising the packet data into basic units of a ^'f mformaUon related to the entire data stream, the general 
predetermined size and generating daU stream infor- ^^l^diog a numlxr of basic unit mformaUon 
mation having a plurality of basic unit infonnation, and/or sizes of the plurality of basic units, 
each of the basic unit information of the basic unit 52. Tie recordmg and playbade apparatas of claim 51, 
including arrival time information of a first packet of P^''^?'' controller plays back the data stream 
data of a corresponding basic unit; *° ^'^""'8 from the basic umt correspondmg to an actual 
. , , . ^ position on the recording medium, the actual position being 

a recordmg controller to record the data stream m a first ^^^^^^^ ^y multiplying the detected basic unit position 

area of the recording medium and the data stream information by a size of the basic unit, 

mformation m a second area of the recordmg medium; 53 recording and playback apparatus of claim 44, 

a data su-eam information processor to compare an arnval 45 wherein each of the basic units has a size of 256 kilobytes, 

time of a target position with the arrival time informa- 54. xhe recording and playback apparatus of claim 44, 

tion of each of the first packets of data of the corre- wherein each of the basic units has a size of 128 kilobytes, 

sponding basic units, so as to search the arrival time 55. jhe recording and playback apparatus of claim 44, 

information corresponding to the arrival time of the wherein the data stream information processor compares the 

target position and to detect basic unit position infor- 50 arrival time of target position with the arrival time informa- 

mation of the basic unit corresponding to the searched tion of the first packets of data of the corresponding basic 

arrival time information; and units included in the basic unit information, and detects the 

a playback controller to play back data of the data stream basic unit position information of basic unit corresponding 

recorded on the recording medium starting from the to the arrival time of the target position, 

basic unit corresponding to the detected basic unit 5S 56. The playback apparatus of claim 30, wherein the data 

position information. stream information processor compares the arrival time of 

45. The recording and playback apparatus of claim 44, target position with the arrival time information of the first 
wherein the data stream comprises the packet data to each of packets of data of the corresponding basic units included in 
which arrival time information of a corresponding packet is the basic unit information using a binary search process, 
added. 60 57. The playback apparatus of claim 44, wherein the data 

46. The recording and playback apparatus of claim 44, stream information processor compares the arrival time of 
wherein the data stream comprises packs and each pack target position with the arrival time information of the first 
comprises a predetermined number of packet data to which packets of data of the corresponding basic units included in 
the arrival time information is added, and an extra header. the basic unit information using a binary search process. 

47. The recording and playback apparatus of claim 44, 65 

further comprising: * ♦ * ♦ » 
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